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THE HONORABLE PRESIDENT OFTHE SENATE 
THE HONORABLE SPEAKER OFTHE HOUSEOF 
REPRESENTATIVES 

SIRS: 

I have the honor to present the tenth in the series of interim reports 
stemming from the U.S. Metric Study, prepared by the National Bureau of 
Standards. 

This Study was authori/.cd by Public Law 90-472 to reduce the many un- 
certainties concerning the metric issue and to provide a better basis upon 
which the Congress may evaluate and resolve it. 

I shall make a final report to the Congress on this Study in August 1971. 
In the meantime, the data and opinions contained in this interim report arc 
being evaluated by the Study team at the National Bureau of Standards. My 
final report to you will reflect this evaluation. 

Respectfully submitted. 




Secretary of Commerce 
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LETTER OF TRANSMITTAL 



Honorable Maurice H. Stans 
Secretary of Commerce 

Dear Mr. Secretary: 

I have the honor to transmit to you another interim report of the U.S. Met- 
ric Study, which is being conducted at the National Bureau of Standards at 
your request and in accordance with the Metric Study Act of 1968. 

The Study is exploring the subjects assigned to ii with great care. We have 
tried to reach every relevant sector of the society to elicit their views on the 
metric issue and their estimates of the costs and benefits called for in the 
Metric Study Act. Moreover, all of these sectors were given an opportunity 
.0 testify in the extensive series of Metric Study Conferences that were held 
last year. 

On the basis of all that we have been able to learn from these conferences, 
as well as the numerous surveys and investigations, a final report will be 
made to you before August 197 1 for your evaluation and decision as to any 
recommendations that you may wish to make to the Congress. 

The attached interim report includes data and other opinions that are still 
being evaluated by us to determine their relationship and significance to all 
of the other information that has been elicited by the Study. All of these 
evaluations will be reflected in the final report. 

Sincerely. 




Lewis M. Branscomb. Director 
National Bureau of Standards 
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FOREWORD 



Almost two centuries of debate have attended the metric question in this 
country. Thomas Jefferson and John Quincy Adams were embroiled in this 
controversy. It is yet to be resolved. 

This report is an account of the metric system controversy in the United 
States ami is based upon a wide survey of available historical data. 

The author of this volume is Mr. Charles F. Treat of the National Bureau 
ol Standards. In an appendix to this report, Mr. Treat acknowledges the 
assistance he received from many individuals during his research. 

Reports covering other substudics of the U.S. Metric Study are listed on 
the inside front cover. All of these, including this report, are under evalua- 
tion. Hence, they are published without prejudice to the comprehensive re- 
port on the entire U.S. Metric Study, which will be sent to the Congress by 
the Secretary of Commerce in August of 1971 . 



Daniel V. De Simone. Director 
U.S. Metric Study 
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I. INTRODUCTION 



Historical precedents have often been a prominent feature of the debate 
on weights and measures in the United States. In fact many of the reasons 
why the metric system and its adoption became a holly-contested issue are 
deeply rooted in the origins and development patterns of both it and the 
customary system. The purpose of this introductory chapter is to set the 
stone for a deeper examination of this issue by summarising the elements 
common to all systems of measurement and by briefly reviewing the origins 
and evolution of the two measurement, systems which emerged as the chief 
competitors for acceptance by the people of the United States. 

A. THE BASIC ELEMENTS: MEASUREMENT UNITS, 
STANDARDS, AND SYSTEMS 



An important fact to bear in mind is that all systems of measurement, how- 
ever much they may differ front one another in detail, stem from a common 
set of fundamental concepts. The need to measure and the objects to be mea- 
sured are considerations which are independent of how the measurement is 
to be taken and described. As will be seen, a failure to distinguish between 
what a measurement system should do and what it should he led to a good 
deal or unnecessary dispute in considering the metric system in the U.S. 
Also on several, occasions the precise meanings of the fundamental concepts 
were not adhered to by the participants in the debate. This frequently led to 
confusion when questions arose concerning the impact on the U.S. of chang- 
ing our measurement system. Therefore, before getting into the heart of the 
question these concepts need to be established and the distinctions between 
them clarified. 
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2 HISTORY or THE METRIC SYSTEM CONTROVERSY IN THE U S. 



"Measures and weights” observed John Quincy Adams, “are the instru- 
ments used by man for the comparison of quantities and proportions of 
tilings ( I].” The core of this definition is the concept of quantities -those 
abstractions such as length, weight, time, and temperature which cannot be 
described in terms of anything simpler. Collectively they take in all of the 
characteristics possessed by physical things which someone may wish to ex- 
press in numerical terms. 

For each of these quantities there must be a a nil. or value in terms of 
which the quantity may be described [2]. Adhering to the language of the 
customary system for the moment, examples of units include the “yard" (for 
describing length), the "pound" (for describing mass), and the "second” (for 
describing lime). Units are simply definitions. They arc usually established 
by general agreement: they are independent of environmental influences 
(such as temperature and humidity): and they may be arbitrary, that is. they 
may be selected without reference to any natural occurrence or object f 3] . 

In addition to designating principal units, multiples and subdivisions have 
been developed for convenience in expressing larger or smaller amounts of 
a particular quantity. For instance, a yard may be converted into rods or 
miles or it may be divided into feet or inches by simply applying appropriate 
numerical factors. These factors define the "base" of a measurement 
system, so that systems in which the unit is related to its parts by the ratio of 
1:10 are termed "decimal" systems and those having the ratio of 1:12 arc 
termed "duodecimal." and so on. 

A standard is a physical embodiment of a unit [4]. Standards arc rarely 
used to make direct measurements, but they do provide the basic reference 
point lor the manufacture and calibration of the instruments that arc used for 
such purposes. In this way standards insure that the results of many mea- 
surements of the same quantity, made by different people at different times, 
arc compatible with each other by virtue of the fact that "things equal to the 
same thing are equal to each other [ 5] ." 

Because standards are physical artifacts, they are exact representations of 
units only under a set of precisely-defined conditions. As a simplistic illus- 
tration. consider the example of a steel rod which someone may desire to fix 
as his standard of length. If this rod has a length equal to one yard at a tem- 
perature of 0° Fahrenheit, it will have a significantly different length at 150° 
Fahrenheit because steel contracts at the low end of the temperature scale 
and expands at the high end of it. I n order for this steel rod to serve as a true 
one-yard standard, then, the temperature at which it has the exact length of 
the unit as defined (in this ease. 0° F.) is one of the conditions which must be 
specified. 

The term measurement system can have several different meanings, de- 
pending upon whether it is being used to denote an abstract concept or an 
operating entity. For purposes of this account the term is used in its general 
sense to mean simply a family of units and standards which, together, pro- 
vide the basis for measuring and describing measurements of length, weight, 
time, temperature, capacity and all other quantities. 
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B. THE ORIGINS AND DEVELOPMENT OF MAJOR 
SYSTEMS OF WEIGHTS AND MEASURES 



The conceptual origin of weights and measures is so old that it cannot he 
precisely fixed. Nor did the development of systems of weights and mea- 
sures take a simple, ordered course from ancient times down to the present 
day: “Ethnic conditions, the whims and caprices of rulers, imposition and 
fraud, conquest, and methods and habits of thought and life, all in turn have 
had their effect." wrote two authorities in 1906 [6], Nevertheless, by the 
middle of the 19th century two systems of weights and measures had at- 
tained predominance throughout the world -the English/Amcriean custo- 
mary system and the so-called French metric system. A brief survey of 
where these two systems came from, how they evolved, and why they 
managed to achieve such prominence is important background information 
for considering the history of the metric system in America. 

1 . ANCIENT WEIGHTS AND MEASURES 

The idea that weights and measures were among the earliest devices in- 
vented by mankind is generally conceded by historians of metrology who 
base their conclusions on the fact that the archaeological records of the most 
ancient civilizations exhibit well-developed concepts of weighing and mea- 
suring |7). It is also generally agreed that the need to measure length 
preceded the need to measure weight, volume, area and other quantities. 
Turning once again to John Quincy Adams, whose logic and powers of ex- 
pression have lost none of their persuasiveness since 1821. we find the ease 
for this latter hypothesis reasoned as follows: 

“The want, at least, of measures of length, is found in the physical organiza- 



tion of individual man, and precedes the institution of society 
. . . To provide for the wants of food and raiment, the first 
occupation of his life would be the chase of those animals, the 
flesh of which serves him for food, and the skins of which are 
adaptable io his person for raiment. In adapting the raiment to 
his body, he would find at once, in his own person, the want 
* i the supply of a standard measure of length, and of the 
proportions and subdivisions of that standard. . . . 



To the construction of a dwelling place, superficial measure becomes essen- 



tial. and the dimensions of the building still bear a natural pro- 
portion to those of its destined inhabitants. Vessels of capacity 
are soon found indispensable for the supply of water: and the 
range of excursion around the dwelling could scarcely fail to 
suggest the use of a measure of itinerary distance |8|.” 



With the emergence of civilization from this primitive state, and particu- 
larly with the development of complex societies, came the need not only to 
weigh and measure more things but also to establish uniformity of measure- 
ments in order to .• hieve society’s purposes. The origination of ordered 
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systems of enumeration and mathematics made possible the creation of 
systems of measurement suited to trade and commerce, building construc- 
tion. land division and taxation. 

Although theories concerning the geographical origins of such systems of 
weights and measures abound (many of which are contradictory), ancient 
Babylon and Egypt usually share the credit [9]. Archaeological remains 
prove beyond a doubt that by the time of the great Mesopotamian civiliza- 
tions (prior to 3000 B.C.) and certainly by the time ancient Egypt's impres- 
sive temples and pyramids were built (between 3000 and 1800 B.C ). 
systems of measurement had become an integral part of daily life [ 10]. 

The ancient units of linear measurement were descriptive of what was to 
serve as the standard in many cn 4 cs. and also exhibited a naturally-ordered 
ratio between the multiples and subdivisions. Among these units were the 
digit (the w idth of a finger): the palm (the width of 4 lingers, i.c.. 4 digits): the 
span (the spread between the outstretched thumb and little finger, equal to 3 
palms): the cubit (distance between the elbow and the tip of the middle 
linger, equal to 2 spans or 6 palms): 1 the pace (one step, or 10 palms): and 
the fathom (the distance between outstretched arms, or 4 cubits) [111* While 
these measures were rudimentary in comparison with the standards needed 
by present-day science and technology, they were sufficiently accurate to 
permit construction of the Great Pyramid of Khufu with an estimated mean 
error in the length of the sides of only one part in 4000 [12]! 

Weighing was a different matter. For most commercial dealings, ancient 
people either employed measures of volume which were derived from their 
length units or simply counted the number of items to be traded [13]. At 
least in ancient Egypt, weights were used only when dealing in precious 
commodities such as gold, silver, copper, and lapis lazuli [14]. As it was not 
until the seventh century B.C. that coined money was used, this weighing 
process was important and the balance w'as required to be employed in all 
transactions involving such commodities [15]. Even following the establish- 
ment of coinage a very close connection with weight measures was main- 
tained. In fact, the earliest coins were simply pieces of gold or silver with the 
weight stamped on them [16]. Eventually the Mesopotamian weight unit, 
the “mina.” and its larger and smaller values the “talent” and the “shekel” 
became the nucleus of a monetary system that spread throughout the whole 
Mediterranean area [ 17] . 

Our modern reckoning of time and method of measuring angles may be 
traced directly to ancient Mesopotamia, where a sexagesimal system (i.c. 
based on the number 60) was used to divide not only the year and the day. 
but also the circle. The year was based on a lunar calendar containing 360 
days, and each day was divided into a total of 360 parts [18]. Babylonian as- 
tronomy was apparently sophisticated enough to ascertain that, at the equi- 
nox. the diameter of the sun on the horizon was 1/360 of a half circle and. as 
this meshed perfectly with theirsystemofcnumeration.it w as a natural thing 



1 This was known as the “common** cubit. There were several other cubits, ho«e\er. includ- 
ing the Royal or building cubit (28 digits or 7 palms) that set veil as the basis lot the pyramids 
and many other con*ti actions throughout the Middle and Neat F,aM 
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to adopt | 19). The solar year of 365 days was the product of Egyptian as- 
tronomy. and our modern calendar is the result of that plus later refinement 
and calendar reform [ 20] . 

.Inditing from admonitions contained in the Old Testament, the commer- 
cial uses of weights and measures were not alw ays uniform in Israel during 
Biblical times. For instance, in the Book of Deuteronomy (25: 1 3- 1 5) the fol- 
lowing command is given: “Thou shall not have in thy bag divers weights. a 
great and a small. Thou shall not have in thine house divers measures a great 
ami a small. Mm thou shall have a perfect and just weight, a perfect and just 
measure shall thou have: that thy days may he lengthened in the land which 
the l ord thy C iod givclli thee.’* And in the Book of Proverbs the Bible coun- 
sels “A just weight and balance are the Lords: all the weights of the bag are 
his work*’ (16:1 ll. from which it follows that “Divers weights, and divers 
measures, both of them are alike abomination to the Lord" (20:101. The 
many other references to weights and measures in the Old Testament, in- 
cluding the dimensions of Noah’s ark and the vital statistics of the giant 
(ioliath. are ample evidence of the everyday concern w ith weights and mea- 
sures in ancient times. 

While the Greeks and the Romans originated very few innovations in 
metrology, they- did affect the evolutionary process in three important ways. 
First the Greeks adopted, with very little change in value, the Eastern 
weights and measures and brought them into use on the European continent 
[ — 11. Front Greece they passed to Rome, from which they were spread 
throughout Europe by military conquests and commercial activities [22]. 
Secondly, the Romans adopted the duodecimal division (base 12) for their 
primary units, the foot and the pound, which is still in use for certain units of 
the customary system |23). The third contribution was to the nomenclature 
of weights and measures. For example, the fact that the abbreviation for the 
pound is "lb." may be attributed directly to the Latin word libra, meaning 
“weight.” The 12 divisions of the Roman pes. or foot, w ere called undue. 
from which the Anglo-Saxon words “inch" and “ounce” arc both derived 
[24]. The word “mile” is also of Latin origin, the Romans having 
established the millc pass us (one thousand paces) as a convenient unit for 
measuring longer distances [25]. 

Before its downfall. Imperial Rome had managed to disseminate its 
system of weights and measures from England to Asia Minor, and to do it in 
such a way that some of the units vve still use have values not very far 
removed from those of 2000 years ago. In fact, the difference between the 
“foot" of Roman times and '.ne “foot” vve use today is less than four-tenths 
of an inch [26 1. 



2. EVOLUTION OF THE CUSTOMARY SYSTEM OF WEIGHTS AND 
MEASURES 



With the decline of the Roman empire, strict control over weights, mea- 
sures and coinage became impossible and what had once been a nearly 
universal system in Europe degenerated, like the rest of society, to a mostly 
local affair. The so-called “customary" family of European and English 
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weights and measures was the result of stresses and strains on the Roman 
system which occurred during the "middle ages." As summarized in a recent 
account: 

"Like much else that went into the fabric of medieval civilization, our mea- 
suring units are the result of interaction among . . . various 
Roman. Barbarian, and Islamic influences. Certain units like 
the fool and the pound survived from Roman usage. Many 
others were Germanic in origin, while still others like the pre- 
mciric units in France for measuring the area of farmland (the 
(irpcnt). journey distance (the lean tie), and perhaps even the 
bushel and gallon, were apparently Celtic in origin and therefore 
predated and survived the period of Roman occupation of what 
is now France. There were important influences from the Islam- 
ic world. The transmission by the Arabs of the ancient Hindu 
numerals is perhaps the most obvious example. These so-called 
Arabic numerals were first introduced into the Latin west from 
Muslim Spain at the end of the l()th century, but their use did 
not immediately become widespread and for several centuries 
both the Roman and Arabic systems were simultaneously em- 
ployed [27] ." 

The overall result of this blending of cultures was a very complex agglomera- 
tion of units and standards of weights and measures. 

In England, the measures of length, weight, and capacity used by the 
Anglo-Saxons, the exact origins of which arc unknown, became the domi- 
nant system when the Normans made no change following the conquest of 
1066 [28). Thus the earliest recorded standard of length in England was the 
yard, or of the Saxon kings, as modified by Roman influences, which 
was kept, along with other standards, at Winchester [29], These standards, 
which the Normans removed to Westminster Abbey in London, allegedly 
date back to the reign of King Edgar, who ruled from 958 until 975 [ 30]. In 
the Domesday Book of 1086 the Saxon yard was used as a unit of land meas- 
ure and in 1225 the Magna Charta signed by Henry III provided that there 
should be throughout the realm one measure of wine, one of ale. and one of 
corn, and that it should be of weights as of measures |30|. The English 
statute books as of 1 324 prescribed the English system of length as follows: 
the inch (three barleycorns, round and dry), the foot (12 inches), the yard (3 
feet), the perch (5 1/2 yards) and the .acre (40 perches long by 4 perches 
wide) (31]. 

The unit of weight and of money in England has been the "pound" since 
Saxon times, although several different pounds— including the Tower 
pound, the Troy pound, and the avoirdupois pound — have been used. The 
assize of Bread and Ale of 1 266 defined the English Tower system of weight 
and capacity: 

"An English penny called a sterling, round and without any clipping, shall 
weigh thirty-two wheatcorns in the midst of the ear: and twenty 
pence do make an ounce, and twelve ounces a pound: and eight 
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pounds do make a gallon of wine, and eight gallons of wine do 
make a bushel, which is the eighth part of a quarter [32] .** 

Eventually, this Tower system gave way to the French weights -first the 
Troy pound (which was 3/4 of an ounce more than the Tower pound) and. 
later, the avoirdupois pound (our currently-used pound of 16 ounces) [33]. 

The sheer number of units that got into everyday use in the English system 
over the years was staggering and. while the names may lie considered pic- 
turesque today, they must have been the source of great confusion and many 
frauds. For example, for metis) 'ring weight there were, among others, the 
clove, the stone, the hundredweight, and the sack. For measurements of 
capacity Englishmen could choose from the pottle, the gallon, the bushel, the 
firkin, the stake, or the carl load. While not till of these were officially sanc- 
tioned. of course, they did exist and had to be dealt with in daily life. 

In addition to a proliferation of units, many trades and occupations 
developed separate measurement systems just for their own use-surveyors 
used poles and chains, apothecaries employed minims and drams, and 
mariners were accustomed to fathoms, knots and cable lengths. In still other 
eases units having the same name carried different values, such as the “long" 
ton and the “short" ton. Finally, the values of many units of wi ights and 
measures were entirely dependent upon the commodity to be bought or sold. 
Thus a gallon of wine was different from a gallon of ale. and a bushel of corn 
was generally leveled olT before selling it while a bushel of wheat was often 
bartered rounded or “heaped." Many times, however, this depended on 
whether the commodity was being bought or being sold. At any rate, 
although the need for uniformity was often recognized in the laws of Great 
Britain from the I Ith century onward, the successes of various monarchs 
and Parliaments were, at best, limited. 

Nor was the situation any different in other European countries. In 
describing the situation in pre-metric France metrologist Henri Moreau 
wrote: 

“One dominant fact should be noted: the uniformity [that was legislated] 
was illusory. The units varied, not only from country to 
country, and . . . from province to province, but even from city 
to city, and also according to corporation or guild. Of coutsc. 
this state of affairs led to errors, frauds, and continual misun- 
derstandings and disputes . . . The multiplicity of names given 
to poorly determined units and the diversity in the multiples and 
submultiplcs of the principal measures increased the confusion 
[34].“ 

The contrast in the ways in which the British and French went about solv- 
ing this confusion in weights and measures is noteworthy. France simply 
discarded her old system and substituted a new one in its place. England, on 
the other hand, gradually improved its weights and measures situation 
through enforcement of stricter laws, made changes in furtherance of her 
great industrial prowess, and managed to achieve a widespread geographical 
distribution of its system through colonization and settlement. While the 
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French system grew because of its appealing simplicity anil logic, the En- 
glish system was the basis for the vast majority ol commercial dealings and. 
even more important, was the one used to construct British machinery, 
which was much in demand. 

Until the middle of the 20th century, then, most of the F.nglish speaking 
nations of the world retained the customary system of weights and measures. 
Even in non-English speaking nations some customary units were widely 
used in fields for which British and American industrialists or engineers had 
“written the book.” Of particular consequence to the debate on the metric 
system in the U.S. arc the fields of textile manufacturing, tool manufactur- 
ing. and the production of heavy machinery. But these developments were 
not tooccur until more than 100 years after the birth ol the metric system. 

3. THE CREATION AND GROWTH OF THE METRIC SYSTEM OF 
WEIGHTS AND MEASURES 

The metric system presents an entirely different case from that of the 
customary system. As already noted, it did not evolve from ancient mea- 
sures and practices to assume its ultimate configuration — it was created 
whole and put into use under unusual conditions and to serve very specific 
purposes. Furthermore, it is based on what were, at the time of it* creation, 
the most advanced scientific principles known. It has been called by one 
writer “the first example of scientific rationalization by society |.v' ).” 
Because of its comparatively recent origins (1790). its inception and sub- 
sequent growth tire well documented. 

The need for a reform of French weights and measures has already been 
noted. When the opportunity arose to institute such a reform, the French 
Government acted quickly and decisively in determining what should be the 
nature and extent of the change. 

Although the intellectual foundation for the metric system had been laid 
by the rebirth of scientific interest in France between the 16th and 1 8th cen- 
turies. it was the cataclysm of the French Revolution which propelled it into 
a practical reality. As very little was spared during this time in the attempt to 
purge France of all vestiges of the feudal system and of kings who ruled by 
divine right, it should not be surprising to find that the royal system of 
weights and measures was on the agenda of changes to be made. While not 
all of the reforms instituted during the Revolution have been per- 
manent— the revolutionary calendar and mathematical innovations such as 
dividing the circle into 100 parts led short lives — the change in weights and 
measures proved to be a lasting one. It is a tribute to the Revolutionary 
government that they did not act capriciously in making the change but. 
rather, turned to science to get the job done. Nor were French scientists the 
only ones involved (although the most credit belongs to them) for. with the 
object in mind of devising a truly international system, foreign scientists 
were invited to participate in the process from the very beginning. 

In searching for a “founding father" of the metric system historians have 
settled on Gabriel Mouton (1618-1694). the vicar of St. Paul’s Church in 
Lyons, who proposed a comprehensive decimal system of weights and men- 
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surcs in the year 1670 [36 J. I aking a basic unit from the physical universe 
instead of from the human body, M on ton adopted the length of an arc of one 
minute of a great circle of the earth (i.e.. a full line of longitude or latitude) as 
his principal uni! of length, which he called the mittiare [37]. This he divided 
by successive powers of 10 to get subunits, selecting one of these to cor- 
respond approximately to the customary French foot. This he further 
defined as equal to the length of a pendulum that would beat 3.959.2 times *n 
a half hour at Lyons [38 j. The proposal for use of a pendulum was repeated 
by others— Picard in 1671 and Huygens in 1 673 -but was never acted upon 
by the prerevolutionary French Government f 39J. 

I he political sponsor of weights and measures reform in the Revolution- 
ary National Assembly was the Bishop of Autun. better known asC harlcs- 
Mautice dc Talleyrand. In April of 1790 lie put before the Assembly a plan 
for reform based on a pendulum beating seconds at 45° latitude [40 1. New 
and extremely precise measurements were to be undertaken to determine 
the length of the pendulum. To effect this investigation a decree was issued 
by the Assembly on May 8. 1790 and approved by Louts XVI on August 22. 
I 790. In addition to calling for the investigation, the law decreed that: 

“ I he King shall also beg His Majesty of Britain to request the English Parlia- 
ment to concur with the National Assembly in the determina- 
tion of a natural unit of measures and weights: and . . . under 
the auspices of the two nations the Commissioners of the 
Academy of Sciences of Paris shall unite with an equal number 
chosen by the Royal Society of London ... to deduce an in- 
variable standard for all the measures and all the weights [4 1 ].'* 

Accordingly, the French Academy appointed several committees to carry 
out this work without waiting for Britain to accept the invitation (an event 
never to occur). One of these committees reported quickly, on October 27. 
1790. urging the adoption of a decimal basis for the new' system (42 1 . 
Recommendations on the primary task, defining a new unit of length mea- 
surement, were contained in a report of March 19. I 79 L After consideration 
of several alternative possibilities, the committee recommended the adop- 
tion of a unit equal to one ten-millionth of the length of a quadrant of the 
earth's meridian (i.e.. one ten-millionth of an arc representing the distance 
between the Equator and the North Pole) 1 4 3 1 . This unit was later- given 
the name Metre — a derivative of the Greek word metron , meaning simply *'a 
measure.” flic unit of mass was to be derived by cubing some part of this 
length unit and filling it with water. The same technique would also provide 
the capacity measure [44 1. In this way. the standards of length* mass and 
capacity were all to be derived from a singic measurement, infinitely re- 
producible because of natural origin^, precisely interrelated, and decimally- 
based forconvcnience. 

The committee report also recommended, and the Academy approved, the 
way in which the standard was to be determined, namely by measuring an 
arc of meridian between Dunkirk, in France, and Barcelona. in Spain. While 



- In May l?93. 




42P-333 0-71-2 



10 HISTORY OI THE METRIC SYSTEM CONTROVERSY IN THE U S. 



there were several important technical, practical, and political reasons for 
this recommendation, the fact that the terrain involved had already been sur- 
veyed [45 ] was an important one because it made possible the construction 
of a provisional standard without waiting for completion of the full survey. 
In 1793 when an upheaval of the Revolution led to the abolition of the 
Academy and its committees on weights and measures and frequently 
caused the surveying team to be harrassed (even arrested on several occa- 
sions) [46], the existence of the provisional meter may well have kept alive 
the metric system reform. The fact that the new units were officially adopted 
on the basis of the provisional standard by a decree of 1795 also enhances 
the value of its existence. Under the terms of this same law Greek prefixes 
were given to the multiples of each of the units (deca = x 10: hccto = x 100 
and so on) and Latin prefixes were assigned to the subdivisions (deci = I/I 0: 
centi = I / 1 00; and so forth). This feature has been retained to the present 
day. 

Despite the adversity it had experienced, the surveying team (under the 
direction of two gentlemen named Mechain and Delambrc) completed its 
work in November of 1798 [47]. Construction of the final standards, a 
platinum meter and kilogram, was completed the followingJune [48]. 

Concurrently, in the autumn of 1 798, steps were again taken to insure that 
the metric system would be a truly international one. Talleyrand, by then 
Minister of Foreign Affairs, invited all European countries as well as other 
friendly and neutral states to send representatives to Paris to learn of the 
work that had been done and to participate in the formal adoption of new 
standards [49]. In all, nine nations accepted invitations, including modern- 
day Italy, Denmark, the Netherlands, Spain and Switzerland [50]. While 
there were no immediate results from this convocation of leading scientists 
in terms of other nations deciding to adopt the new system, the idea was a 
resounding success considering the political climate in which it was held. A 
fairly broad spectrum of participation had been secured, a definite educa- 
tional process had been served, and a precedent of multinational collabora- 
tion had been set which was to have significant impact in future years. 

It cannot be claimed, however, that the new system met with instantane- 
ous approval. Even in France the transition was not effected quickly or 
smoothly, for although the system was made mandatory throughout France 
in 1795, its use was not enforced. Secondary standards had not even been 
constructed for distribution to the Departments (i.c., the French equivalent 
of states), to say nothing of commercial and household weights and measures 

[51]. 

The plight of the metric system was further aggravated in 1812, when 
Napoleon Bonaparte issued a decree allowing the old units to return. Under 
his usuclle system of measurement all measures were defined in terms of 
metric standards, but the old unit names were specified and the decimal 
ratios between units and their parts were discarded [52]. 

For a time, Napoleon's act was popular, probably because the metric 
system had not been in use long enough to fully supplant the older and more 
familiar system. This confused state of affairs was not allowed to exist for 
long, however, and, on July 4. 1 837. the following act was passed: 
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"After January 1 . 1 840. all weights and measures other than the weights and 
measures established by the laws of 1 795 and 1 800. constituting 
the decimal metric system, shall be forbidden . . . Those pos- 
sessing weights and measures, other than the weights and mea- 
sures above recognized, in their warehouses, shops, workshops, 
places of business, or in their markets, fairs, or emporiums, shall 
be punished in the same manner as those who use them . . . 
Beginning at the same date all denominations of weights and 
measures other than those authorized arc forbidden in public 
acts, documents, and announcements. They arc likewise forbid- 
den in acts under private seals, commercial accounts, and other 
private legal documents, etc. |53|." 

Following this action, the metric system began to experience a gradual but 
steady growth which saw it taken up by one country after another. Some of 
the Italian provinces. Greece and the Netherlands had already accepted it 
by 1840. In 1849 Spain joined their ranks. The international exhibitions of 
1851. 1855. and 1862 did much to promote the commercial advantages of 
the metric system, and. at the time of the 1867 exhibition, an international 
committee on coinage, weights and measures -the first of many- met in 
Paris [54]. 

In fact, the growth in use of the metric system after 1850 is little less than 
phenomenal. By 1880 17 nations — including most of South America and the 
major European nations of Germany. Austria-Hungary. Italy, and Nor- 
way-had officially accepted the metric system at least for government pur- 
poses. and 18 more nations were added to this list by 1900 [55]. The 
reasons for this growth arc accounted for by historian Edward F. Cox: 

"As a result, then, of a quarter-century of developments conducive toils dif- 
fusion. this child of science, born of the dread French Revolu- 
tion. had been transformed . . . into the formally 
acknowledged international system . . . [A] solid foundation 
had been laid for its further, later dissemination . . . The funda- 
mental reasons for such a phenomenon arc found in the milieu 
of the latter half of the nineteenth century. As indicated, it was 
part and parcel of the growing internationalism. The metric sys- 
tem was the scientifically recommended one in an age when 
science and its products were being welcomed into society. The 
many national adoptions produced a 'band-wagon' effect and in- 
duced further adoptions. The great acceleration of world trade 
led men of commerce, with ever greater familiarity, to proclaim 
the virtues of the system and to urge more adoptions. It was 
often associated with ‘Progress' in an age of ‘Progress' [56]." 

Among the lending industrial nations of the world at the dawn of the 20th 
century, only Britain and the United States had not accepted the metric 
system (although others that were to become great — Russia. Japan and 
others in the British Commonwealth — had not accepted it either at that 
time). At least in the ease of the United States and Britain it was not because 
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these overseas developments Inul escaped attention. in fact. the exacl op- 
posite was true. From Us very beginnings as an independent nation the 
United Slates has been concerned with its system of weights and measures 
and has often considered the notion of changing it. although this has been 
neither an easy nor a decisive process. 
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II. TOWARD A MORE PERFECT UNIFORMITY 
(1607-1860) 



The time from the settlement of Jamestown until the outbreak of the Civil 
War is important in the history of U.S. weights anil measures. It lias often 
been claimed that the adoption of an entirely new system of weights and 
measures would have been a simple matter in the days when the U.S. was a 
geographically small and agrarian nation with a mostly homogeneous popu- 
lation. But such matters arc relative. It is clear from the writings and actions 
of this period that those who would have been involved in the change were 
not quite so sanguine about the ease with which it might be made. Although 
the metric system began its life in the same year that the U.S. Constitution 
was ratified. 1790. it was not until 1821 that it was even considered as a 
reasonable option. Unlike the conditions in France at the time of their 
Revolution, when everything even remotely associated with the old regime 
was cast aside, the U.S. not only retained, but even deliberately cultivated, 
its English heritage. It is true that the courses of action taken during this 
period had the effect, in later years, of complicating the question of adopting 
the metric system. This has been compensated for by the fact that the one 
action which might have permanently precluded the metric system from fu- 
ture consideration in the U.S.-lhc formal adoption by legislation of the Eng- 
lish customary system — was not taken. In the final analysis, then, the most 
regrettable aspect of the period was the indeterminate nauiic of what was 
done and this has had the beneficial effect (at least for the metric system) of 
leaving the door open to adoption at a later date. 

Most of the activity during this period occurred during the formative years 
of the U.S. as an independent nation: 1782 to 1838. Among the many lasting 
accomplishments of this era. matked by the confluence of philosophical 
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idealism and the harsher realities of political and economic independence, 
were the adoption by the U.S. of an innovative system of coinage and the 
ratification of a Constitution giving to Congress the power "to fix the stan- 
dard of weights and measures." Several legislative committees held inquiries 
which eventually resulted’ in the enactment of a number of important laws 
and resolutions. The executive branch, in carrying out the wishes of Con- 
gress. also contributed to establishing a uniformity of weights and measures 
within the U.S. Two American Secretaries of State, both of whom were later 
to achieve the Presidency, conducted penetrating investigations on the sub- 
ject of weights and measures and submitted reports of unparalleled excel- 
lence to Congress. In brief, the failure to act decisively was not due to inat- 
tcnlivcncss. but rather to a reluctance to act too hastily in either casting 
aside the old and familiar or acccpti ng the new and untested. 

A. WEIGHTS AND MEASURES IN THE UNITED STATES 
PRIOR TO RATIFICATION OF THE CONSTITUTION 

Concerning the earliest weights and measures in the U.S.. it is sufficient to 
note simply that the people who settled the North American continent 
brought with them the commercial implements and practices of their home- 
lands. For this reason there was no uniformity of weights and measures in 
the colonics at first. With political and social amalgamation, however, came 
legislation dealing with this situation. 

The earliest recorded statute on weights and measures in the U.S. is an 
order of the general assembly of the colony of Virginia dated March 5. 
1623— only 16 years after the founding of Jamestown. The order provided 
that no weights and measures were to be used which had not been sealed by 
a duly-appointed officer of the Colony [I]. This was followed in 1631 by an 
ordinance fixing the barrel of corn in accordance with the English 
Winchester bushel. Similarly, a 1641 Massachusetts statute prescribed that 
all casks used in the sale of liquor, beef. fish, pork or other commodities 
should be of London assize. Both Virginia and Massachusetts enacted 
several other ordinances on weights and measures during the 17th century, 
all relating local weights and measures to the standards of the Exchequer in 
London. 

As the colonics gained in stature and in population, more weights and 
measures laws were added to the statute books. By 1700 Pennsylvania had 
taken steps to protect the integrity of its commercial dealings and New 
York, following its change from Dutch to English hands, had done likewise 
by 1703. Others followed in rapid succession: Delaware, in 1705: Maryland, 
in 1715: and New Jersey, in 1725. These laws notwithstanding, there was 
still a wide diversity of weights and measures from one colony to the next. 
Even so. commercial relations flourished. 

With the achievement of independence and the creation of a new Union, 
provision was made for establishing uniform standards. By article 9. para- 
graph 4 of the Articles of Confederation (1777). Congress was given the 
"sole and exclusive right and power of regulating the alloy and value of coin 
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struck by their own authority, or by that of the respective states: fixing the 
standard of weights and measures throughout the United States." Although 
a proposal was laid before the Continental Congress to have the board of 
treasury report an appropriate ordinance on weights and measures, no action 
was taken [2]. The Continental Congress did act with alacrity in dispatching 
its duties with respect to coinage, however. 

B. THE ADOPTION OF A DECIMAL SYSTEM FOR U.S. 
COINS 

Throughout history, systems of coinage have almost always been the direct 
descendants of a nation's weights. This was true in ancient Mesopotamia. 
Greece. Rome. and. especially, in Great Britain. The conduct of the U.S. in 
establishing a new and radically different system of coinage in the 1780‘s 
without providing for the establishment of weights in the process of doing so 
may therefore be viewed as an anomaly. Nevertheless it was done and the 
action merits a brief review at this point because the primary power behind 
the innovation of decimal coinage. Thomas Jefferson, was later to attempt to 
apply the same principle to U.S. weights and measures. 

A grave situation existed in the United States with respect to coinage dur- 
ing and immediately after the Revolution [3]. Monies were clipped and 
sweated to obtain the precious metals; a constant outflow of specie resulted 
from our deficient balance of trade: and so many foreign coins with so many 
different values were in circulation that commerce was hindered. When 
made aware of the situation. Congress, on January 7. 1782. ordered Superin- 
tendent of Finance Robert Morris to investigate it and render a report [4]. 

Eight days later the report, prepared by Assistant Financier Gouverncur 
Morris, was submitted to Congress along with a plan to establish a standard 
of value and adopt a new monetary unit. The recommendations that he of- 
fered included a proposed system bearing a close affinity with the former 
currency: a plan to establish a mint and adopt a standard for coinage 
weights: a fundamental monetary unit based on the Spanish piece of eight 
(which was widely used at the time), and for which he suggested that its for- 
mal name — “dollar’' — be used: and. finally, the adoption of a decimal ratio 
for the coins to be minted [5]. His reasons for proposing a decimal ratio 
were stated as follows: 

"Although it is not absolutely necessary, yet it is very desirable, that money 
should be increased in decimal ratio, because by that means all 
calculations of interest, exchange, insurance, and the like, arc 
rendered much more simple and accurate, and of course, more 
within the power of the great mass of the people [6].** 

Eventually this report was turned over to a committee for review, one of 
the members of which was Thomas Jefferson. While Jefferson was intrigued 
with the proposals, he felt certain modifications were needed to make the 
system manageable "for the common purposes of society |7|.” He there- 
fore proposed that the dollar be made the unit of account, with its multiples 
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and subdivisions being derived decimally, hi a later paper he outlined what 
lie considered to be the three requisites of a money unit (S|. First, it should 
be of a convenient size for daily transactions. The dollar, lie felt, met this 
criterion: ‘*1 question if a common measure of more convenient size than the 
Dollar could be proposed. The value of 100. 1.000. 10.000 dollars is well 
estimated by the mind: so is that of a tenth or hundredth of a dollar. Few 
transactions are above or below these limits [9].** Jefferson’s second 
desideratum was that the parts and niutliples be in an easily calculated pro- 
portion to each other. For this purpose the decimal ratio was clearly favored. 
Finally, the unit should be sufficiently close to the value of some known 
coins so as to be easily adopted In the people. In this respect also, the dollar 
was not found wanting: “It is difficult to familiarize a new coin to the people: 
it is mot e difficult to familiarize them to a new coin with an old name. Happi- 
ly. the dollar is familiar to them all. and is already as much referred to for a 
measure of value, as their respective provincial pounds 1 10].” 

When the combined reports oi Jefferson and Morris were considered in 
Congress, on July 6. I 785. the dollar was adopted as the unit of U.S. coinage 
by a unanimous vole f 1 1 ]. More than a year later, on August 8. 1786. a 
complete decimal system of coinage was approved by Congress f 1 2 ]. Under 
the terms of inis Act, the standard was set at I I parts fine gold or silver and 
one part alloy, with the unit being 375.64 Troy grains of silver. In this way. 
the question of weight units was avoided for the time being. 

The final step in implementing the new' coinage system was the establish- 
ment of a mint to do the actual coining. After more than 5 years of study anil 
discussion this was accomplished by passage of the Mint Act on April 2, 
1792 [13]. 

The execution of the new system was not rapid, however, nor was it an 
overnight success. As noted by Adams in 1 82 I : 

’ll is now nearly thirty years since our new moneys of accounts, our coins. 

and our mint have been established. The dollar, under its new 
stamp, has preserved its name and circulation. The cent has 
become tolerably familiarized to the tongue . . . But the dime 
having been seldom, and the millc never, presented in their 
material images to the people, have remained . . . utterly 
unknown . . . Even now*, at the end of thirty years, ask a 
tradesman, or shopkeeper in any of our cities what is a dime or 
a millc. and the chances are four in five that he will not un- 
derstand your question. . . . [They] remain, to the great mass 
of the people, among the hidden mysteries of political econo- 
my-state secrets [14].” 

While the subject of U.S. coinage per se is beyond the scope of this ac- 
count. the Acts which established a decimal system of coinage impinge 
heavily on the history of the metric system. These decisions were oftentimes 
singled out in later years as precedents. Advocates of metric adoption were 
quick to use our coinage system as a demonstration of the advantages of a 
dccimally-based system and the actions which established it were offered as 
proof of the case with which such changes could be made. While the ad- 
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vantages of decimal ratios for computation and the desirability of a con- 
sistency between systems of enumeration, coinage* and measurement cannot 
be denied, the analogy between our coinage system and the metric system of 
weights and measures breaks down on several counts. C hief among these is 
the fact that governments arc able to establish absolute control over the 
coins produced and used within their jurisdiction. Governments in short, 
have » monopoly when it comes to monetary systems. As yet. no govern- 
ment has been able to do the same for its measurements, nor has this often 
been an avowed purpose of government. I his and other discrepancies 
between systems of coinage and measurement will be elaborated on in sub- 
sequent chapters. The important point is that the similarities were used as 
part of the pro-metric case on several occasions and thus became a factor in 
the debate over metric adoption. 



C. CONSTITUTIONAL PROVISION FOR WEIGHTS AND 
MEASURES AND THOMAS JEFFERSON'S PROPOSALS 



The year 1790 saw an unusual occurrence in the history of weights and 
measures: France. Great Britain and the United States were all seriously 
contemplating major changes in their systems of weights and measures in 
order to reduce diversity and confusion. Unfortunately this common interest 
was not strong enough to overcome political barriers even hr' the sake of in- 
ternational uniformity in weights and measures, and an extraordinary oppor- 
tunity was foregone. It should be remembered that it was indeed a real op- 
portunity because France, in approving Talleyrand’s proposal, had invited 
British participation in fixing a new standard. Had Great Britain been a party 
to these proceedings, which led to the inception of the metric system, the 
United States might very well have accepted the new' system at an early 
stage in its development. 

But Britain had other ideas. Sir John Riggs Miller, addressing Parliament 
on February 5. 1790. deplored the existing situation with respect to weights 
and measures in that country and offered two resolutions, which were 
unanimously agreed to [15]. These resolutions required, in effect, a survey 
of the weights and measures used in all the cities and towns of England ami 
Wales. On April 13. 1790. Sir John again spoke in Parliament, this time to 
urge adoption of a measurement standard taken from something permanent 
and uniform in nature and to state the desirability of a decimal ratio for 
weights and measures and of uniformity with the systems of other nations 
[16 J. Neither the survey nor Sir John’s appeals inspired a reformation of the 
English system of weights and measures in 1790. 

In the U.S. the Constitution ratified by the States reaffirmed the Articles 
of Confederation by giving Congress the power “to fix the Standard of 
Weights and Measures” (art. I. sec. 8). Even before that, on January 8. 
1790. President Washington had addressed attention to the subject in his 
first message to Congress by saying “Uniformity in the currency, weights, 
and measures of the United States, is an object of great importance, and will, 
I am persuaded, be duly attended to [17].’’ The matter was referred to the 
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Secretary of State, Thomas Jefferson, who was requested to prepare a suita- 
ble plan for consideration by the House of Representatives. 

Jefferson submitted two plans to the House on July 4, 1 790, one based on 
the assumption that a new system of weights and measures was desired by 
Congress, the other a plan to simply "define and render uniform and stable" 
the weights and measures already in use. 

Before outlining his plans, however, Jefferson noted the need for an invari- 
able standard of length. Although, ideally, this would be some measure oc- 
curring in nature, Jefferson said, he did not believe an appropriate measure 
of this type could be found. Instead, he proposed basing the standard on the 
motion of the earth on its axis, which "though not absolutely uniform and in- 
variable, may be considered as such for every human purpose [18].” Like 
Mouton and others following him, including Talleyrand, Jefferson settled on 
the principle of the length of a pendulum beating seconds of mean time. 
However, Jefferson observed that, as a scientific device, the pendulum had 
several drawbacks, including its susceptibility to temperature changes and 
the difficulty of locating precisely its center of oscillation. In its stead, he 
proposed: 

"A uniform cylindrical rod of iron, of such length, as. in the latitude 4>°in the 
level of the ocean, and in a cellar, or other place, the tempera- 
ture of which does not vary through the year, shall perform its 
vibrations, in small and equal arcs, in one second of mean time 

[w 

This rod, the idea of Philadelphia watchmaker Robert Leslie, would obviate 
all of the sources of uncertainty in the pendulum principle, Jefferson be- 
lieved. This theory and the rest of the scientific matter in the report had been 
carefully reviewed and confirmed by David Rittenhousc before the docu- 
ment was submitted to Congress [20]. 

Jefferson's plan for improving the weights and measures already in use 
was to adjust them to the new standard of length as proposed above. Using 
reports published in 1758 and 1759 by committees of the House of Com- 
mons as his basic source of information on English weights and measures, he 
laid out a system for all measures of length, area, capacity and weight. 
Because the most serious problems in attaining uniformity were with mea- 
sures of capacity, Jefferson settled on a standard gallon; discarded the 
distinction between wet and dry measures; proposed rectangular rather than 
cylindrical standards for ease of measurement; and defined the rest of the se- 
ries in terms of this 270 cubic inch standard using English terms and ratios 
[2 1 ]. For weights, Jefferson proposed as a standard: 

"An ounce is of the weight of a cube of rain-water, of one-tenth of a foot, or 
rather, that it is the thousandth part of the weight of a cubic foot 
of rain-water, weighed in the standard temperature: that the se- 
ries of weights of the United States shall consist of pounds, 
ounces, pennyweights, and grains; whereof 
24 Grains shall be one penny-weight; 

1 8 Penny-weight one ounce; 

1 6 Ounces one pound [22]." 
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' The balance of Jefferson’s report was devoted to the second, and more 
widely known, plan for a decimal system of weights and measures. One thing 
that Jefferson made clear was the fact that he considered this plan to be a 
logical extension of the decimal coinage concept with which he had been in- 
volved so recently. 

"The experiment made by Congress in 1786 . . . has obtained such general 
approbation, both at home and abroad, that nothing seems 
wanting, but the actual coinage, to banish the discordant 
pounds, shillings, pence, and farthings of the different 
states . . . Is it in contemplation with the House of Representa- 
tives to extend a like improvement to our Measures and 
Weights, and to arrange them also in a decimal ratio [23|?” 
"But if it be thought that, either now. or at any future time, the citizens of the 
United States may be induced to undertake a thorough reforma- 
tion of their whole system of Measures. Weights and Coins, 
reducing every branch to the same decimal ratio already 
established in their coins, and thus bringing the calculation of 
the principal affairs of life within the arithmetic of every man 
who can multiply and divide plain numbers, greater changes will 
be necessary [24].” 



For linear measurement, according to Jefferson's system, the rod beating 
seconds would yield the reference standard, which would then be divided 
into five equal parts, each to be one foot. This would be the basis for the fol- 
lowing [25]: 



Multiples 

10 feet — I dec ad 
10 decuds « I rood 
10 roods » I furlong 
10 furlongs = I mile 



Subdivisions 
1/10 fool - t inch 
1/10 inch - t line 
1/ 10 line = I point 



Superficial measures, or measures of area, would be based on these, with the 
square rood (100 feet to a side) replacing the “acre.” Similar innovations 
were proposed for measures of capacity, with the basic unit being a one 
cubic foot bushel. Weight would still be derived from a cubic inch of rain- 
water, and the basic unit would be the ounce. Provisions were also made for 
very small and very large weight units, as in the progression below [26]: 



Mult if ties 

10 ounces *= t pound 
10 pounds = t slone 
10 stones “ I kental 
1 0 kcntuls - I hogshead 



Subdivisions 

1/10 ounce *= I doublc»scruple 

t/ 10 double-scruple - t carat 

1/ 10 carat — I minim 

1/10 minim = I mite 



These units would also be adopted as the basis for the coinage system by 
simply enlarging the amount of silver contained in the money unit by about 
one-third of a grain. This would have the effect of linking the monetary 
system and the system of weights and measures to each other in direct pro- 
portion. 

Jefferson concluded his report by noting that the decimal plan would pro- 
vide for determinate, unchangeable standards which would be accessible to 
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all citizens, would keep the weights and measures of a siz.e close enough to 
those already in use to minimize problems of introducing a new system, and 
would permit calculations to be made easily. He also stated that lie favored 
a gradual change to the new system, but not too long a postponement as that 
would increase the difficulties [27], 

Before discussing the disposition of Jefferson’s plans in Congress, it 
should also be noted that Jefferson was aware of Talleyrand's proposal to 
the French National Assembly. Although his report was somewhat delayed 
while lie evaluated the French decree, he was apparently not influenced by 
it very much. Jefferson did note, in his letter of transmittal to the Speaker of 
the House, that he had originally planned to use 38° latitude as the geo- 
graphical point for fixing the standard. 1 After receipt of the French plans, 
however, he changed his recommendations to 45° latitude in the interests of 
possible future negotiations to achieve uniformity with France and Great 
Britain. This change, of course, necessitated a revision of many of Jeffer- 
son's calculations. 

Jefferson was not enamored of the metric system as it was eventually for- 
mulated, primarily because the meridian had been substituted for the pendu- 
lum as the standard. This, he felt, detracted from the possibilities of interna- 
tional uniformity: 

"The element of measure adopted by the National Assembly excludes, ipso 
facto , every nation on earth from a communion of measure with 
them; . . . Instead of concurring . . . in a measure which, like 
the pendulum, may be found in every point of the 45th degree, 
and through both hemispheres, and consequently in all coun- 
tries of the earth lying under that parallel, either northern or 
southern, they adopt one which can be found but in a single 
point of the northern parallel, and consequently only in one 
country, and that country is theirs." (from a letter to William 
Short ofNew York dated July 28, 1791) [28]. 

What disturbed Jefferson about the metric system, then, was the fact that the 
basic measurement could not be reproduced in any country except France, 
so that other nations would either have to trust the French results or take the 
trouble of sending people to France to verify it for themselves. He did ad- 
mire the courage with which the reform was carried out, however [29], 

D. CONGRESSIONAL CONSIDERATION OF JEFFERSON'S 
PROPOSALS; EVENTS LEADING UP TO JOHN 
QUINCY ADAMS' INVESTIGATION 

It was not until 1 796 that discussion of weights and measures in Congress 
based on Thomas Jefferson’s report came to an end. Although no laws were 



1 The median laiiiudc of the United States in those days. If the measurements were made at 
sea level, a location between Richmond. Va. and Washington. D.C. would likely have been 
selected for determining the standard. 
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passed as a result of his work, the extent of consideration given to the report 
attests to the importance of the subject. 

Jefferson’s report was presented to the House on July 13, 1790. and was 
promptly “tabled [30].” On December 8. 1790, President Washington 
delivered his second message to Congress and again urged action on the 
matter of standards of weights and measures. On December 28 the report 
was sent to the Senate, where it was referred to a special committee. 

On March I. 1791. Senator Izard made the following report on behalf of 
the committee: 

"As a proposition has been made to the National Assembly of France for 
obtaining a standard of measure which shall be invariable, and 
communicable to all nations, and at all times: as a similar 
proposition has been submitted to the British Parliament, in 
their last session: as the avowed object of these is. to introduce 
a uniformity in the measures and weights of the commercial na- 
tions: as a coincidence of regulation, by the Government of the 
United States, on so interesting a subject, would be desirable, 
your committee are of the opinion, that it would not be eligible, 
at present, to introduce any alteration in the measures and 
weights which arc now used in the United States [3 I ].” 

When no action to fix the standards was taken on the strength of this recom- 
mendation, President Washington broached the subject forthe third time. on 
October 25, 1791. stating: “A uniformity in the weights and measures of the 
country is among the important objects submitted to you by the Constitution 
and. if it can be derived from a standard at once invariable and universal, 
must be no less honorable to the public councils, than conducive to the 
public convenience [32].” 

On November I, the Senate formed another committee to reconsider the 
matter. This report, again prepared by Senator Izard, was submitted on 
April 4. 1792. This time the committee recommended the establishment of 
Jefferson’s proposed standard and the adoption of a decimal system of 
weights and measures derived from it that substantially followed his plan. 
Consideration of these suggestions was postponed until the next session of 
Congress. In the following session, consideration was again deferred several 
times. When the subject was opened for discussion, on December 17 and 18, 
1792, motions were substituted for the committee's recommendations that 
would, if enacted, have required retention of the weights and measures then 
in use, but based on the new standard as proposed by Jefferson. No action 
was taken on any of these motions. 

Three years elapsed before the subject was raised again. This time on 
January 8. 1795, President Washington communicated to the Congress a 
letter from the Minister of the French Republic, M. Fauchet. outlining the 
actions recently taken by France and recommending, with some urgency, 
the adoption of the metric system by the United States. At the same time, a 
copper meter and a copy of the kilogram, both replicas of the French provi- 
sional standards, were sent to the Secretary of State by M. Fauchet [33]. 
These standards had been sent to the U.S. by France under the terms of a 
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decree of December 1 1, 1793. in the hopes of securing true international 
uniformity [34]. Given our Revolutionary-period alliances with France, the 
U.S. might have been receptive to the proposal a few years earlier. In 1795, 
however, relationships between the two countries were badly strained by 
America’s refusal to take sides in the dispute between the British and the 
French. The standards were never used. Nor was the U.S. invited to send 
representatives to the international gathering at Paris in 1 798-99 that formal- 
ized the metric system for this same reason. In the end, whatever the U.S. 
propensities toward the desirability of adopting the system because of its 
scientific excellence may have been, the prevailing political conditions al- 
most certainly spelled the doom of the metric system in the early days of 
U.S. independence. 

Whatever the reason, further action was put off for nearly a year. In 
December of 1 795 the House of Representatives appointed a select commit- 
tee to consider both Jefferson’s report and the French communication. 
Recommendations were made by the committee on April 12,1 796, and on 
May 14 the House formed itself into a Committee of the Whole to consider 
them. Among other things, the committee suggested ’’That the unit of mea- 
sures in length [from which measures of area, capacity and weight were to 
be obtained], and the units of weights to be adopted as standards ought not 
to vary in any sensible degree from the present foot uow in use and the 
present pound avoirdupois [35].” Eventually the House, as a Committee of 
the Whole, decided to authorize the President to have experiments con- 
ducted to determine the length of a pendulum rod, the weight of a cube of 
rain water , and the respective weights of the divisions of the pound. The sum 
of $1 ,000 was to be appropriated to cover expenses, and a bill to this effect 
was ordered to be drawn up. Five days later this bill - “directing certain ex- 
periments to be made to ascertain uniform standards of weights and mea- 
sures for the United States” [36] — was passed by the House with little op- 
position. The bill was sent to the Senate but consideration of it was deferred. 
The bill was never resurrected. 

For all practical purposes this marked the close of Congressional con- 
sideration of Thomas Jefferson’s plans. For several years thereafter resolu- 
tions passed by the States urging the adoption of uniform standards were 
sent to Congress, but little action resulted. Most of these resolutions were 
made in the form of memorials; Rhode Island (1798), Delaware (1 806), New 
Jersey (1808), and Maryland (1810) were among the States exhibiting con- 
cern. During this time, however. Congress did enact its first statute on 
weights and measures. In 1799 the Surveyor Act was passed, ordering the 
surveyor of each port to examine and test the weights, measures and instru- 
ments used in collecting customs duties at least twice each year. As no stand- 
ard had been adopted, however, the statute could not be put into effect. 

Two other actions worthy of note were taken by the executive branch 
prior to 1821. In 1805 a “committee meter,” one of 15 iron bars whose 
lengths had been ascertained in the process of constructing the original me- 
ter, was brought to the United States by Ferdinand Rudolph Hasslcr [37]. 
This bar had been given to Hassler by Mr. J. G.Tralle, a representative from 
what is now Switzerland to the 1798 convocation in Paris formalizing the 
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metric system. In 1807 when the Survey of the Const (Inter the U.S. Coast 
nnd Geodetic Survey) wns organized with Mr. Hnssler at the hend of it. this 
meter was made the standard of length lor that work. Until 1 890 all the base 
measurements of the Survey were referred to this meter. 

In 1814 an 82-inch bronze bar with an inlaid silver scale was procured 
from an instrument maker. Troughlon of l.ondon. also for use in the Coast 
Survey [38], 'Phis bar was merely a copy of TrouglUon’s scale and had not 
been compared with the standard British yard. Nevertheless, the distance 
between the 27th and 63d inches, representing 36 average inches of the bar, 
was taken to be equal to the l.ondon yard at 62° Fahrenheit. From 1832 until 
1856. this bar served as the unofficial standard of length for the United 
States by virtue of an administrative action on the part of the Secretary of 
the Treasury which will be discussed in a subsequent part of this chapter. 

On December 3. 1816, President James Madison, in a message to Con- 
gress. once more urged action on the problem of a lack of uniformity in U.S. 
weights and measures by saying: 

"Congress will call to mind that no adequate provision has yel been made for 



the uniformity of weights and measures . . . contemplated by 
the Constitution. The great utility of a standard fixed in its na- 
ture, and founded on the easy rule of decimal proportions, is 
sufficiently obvious. It led the government at an early stage to 
preparatory steps for introducing it: and a completion of the 
work will be a just title to the public gratitude [39]." 



Weights and measures had long been of concern to Madison. On April 28, 
1 785, he had addressed a letter to James Monroe deploring the condition of 
(hose in use: 

"I hear frequent complaints of the disorders of our coin, and the want of 



uniformity in the denominations of the States. Do not Congress 
think of a remedy for these cvils?The regulation of weights and 
measures seem also to call for their attention. Every day will 
add to the difficulty of executing these works. . . . Next to the 
inconvenience of speaking different languages, is that of using 
different and arbitrary weights and measures [40]." 



Congress, however, was not disposed to act on the basis of Jefferson’s 26- 
ycar-old plans. Instead, after due deliberation, the Senate passed a resolution 
on March 3 , 1817, requesting the Secretary of State to prepare a new state- 
ment "relative to the regulations and standards for weights and measures in 
the several states . . . together with such proposition ... as may be 
proper to be adopted in the United States [4 1]." 

Concurrently, the House of Representatives continued to consider the 
question. 5 .oral select committees were appointed in 1818-19 to make ap- 
propriate recommendations. On January 25, 1819, Representative Towndes 
reported for a select committee, suggesting the adoption of "absolute stan- 
dards conforming to the weights and measures in common use [42]." The 
report went on to list what the units were to be and to note that neither the 
English system nor the French metric system had managed to become so 
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during that session of Congress, and when ihe matter was revived during the 
next session. Congressman Towndes thought il advisable to wait for the 
Secretary of Slate’s report to the Senate before acting. 



E. THE EXHAUSTIVE INVESTIGATION OF JOHN QUINCY 
ADAMS 



Frequent references have already been made to John Quincy Adams' 
1821 Report Upon Weights anil Measures. If any American work on the 
subject may be termed a “classic” it is this report, it is by far the most widely 
cited work in later investigations, being used not only by historians but also 
by Congressmen and interest group representatives — including those on 
both sides of the issue of metric adoption. Because Mr. Adams did such a 
thorough job in laying out the concepts and practices of weights and mea- 
sures and the advantages and disadvantages to the U.S. in 182 1 of both ihe 
English and metric systems, it is possible to find arguments to support al- 
most any position in this report. His assumptions are clearly stated, as are 
his facts. His conclusions are deduced front them by logic and backed up by 
pragmatic reasoning. Adams' recommendations cover both the short- and 
the long-term, and the entire report is presented in the most eloquent lan- 
guage. And yet his work often has been misinterpreted or misrepresented. 
Subsequent students of metrology have, of course, been able to find techni- 
cal flaws— incorrect assumptions, changed situations due to the advances in 
science since 1821, and the like. But the report also has frequently been used 
to leave the impression that John Quincy Adams was either unquestionably 
in favor of the metric system or dead set against it. Neither of these is cor- 
rect. As this document will play a recurring role in the story of proposed 
metric legislation in the U.S. (although it was not the most important factor 
in later decisions) it deserves more than just passing notice. 

Above all else John Quincy Adams’ report reflected the mood of America 
circa 1821. A miniature profile of the concerns of our fledgling Nation can 
be seen in his references to our English heritage, our dependence upon 
maritime activities for survival, the beginnings of industrialism.- our uncer- 
tain position in world affairs and our preoccupation with such domestic mat- 
ters as States' rights, slavery, westward expansion, and population growth. 

A look at the United States in 1821 makes clear why this is so. Between 
1801 and 1824 the U.S. doubled in size, with the purchase of the Louisiana 
Territory from France in 1803 being the major cause. Initial American at- 
tempts to remain neutral in the quarrels between Britain and France had 
come to naught, and the U.S. had fought her second war with the mother 
country in 1812, ostensibly to protect maritime interests. In 1819 John 
Quincy Adams negotiated a treaty with Spain which brought Florida into 



1 Adams demonstrated his fascination with man's ability- to harness steam in several passages 
of his report and was clearly impressed with Ihe potential of this power source to the future 
development of the U.S. 
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U. S. hands. Ohio. Louisiana. Indiana. Mississippi. Illinois, and Alabama 
were admitted to the Union before 1820. By 1821 Maine and Missouri had 
also been admitted, but not before a sectional conflict over the issue of 
slavery had been dealt with and a compromise agreed upon. Fishing, farm- 
ing. and shipping were the mainstays of the American economy in 1821, 
although factories were rapidly beginning to dot the landscape. In order to 
manage all of these responsibilities, the nation worked hard to avoid poten- 
tial foreign conflicts. This job was made somewhat easier by the fact that Eu- 
rope was temporarily enjoying a state of peace following Napoleon's 
downfall at Waterloo and the formation of the Holy Alliance in 1815. It was 
against this background that John Quincy Adams prepared his recommenda- 
tions on weights and measures, and there are very few of the above events 
which cannot be counted as a factor in his decisions. 

As required by the Senate resolution, Adams concentrated his attention 
on three principal subjects: international developments, the existing situa- 
tion with respect to weights and measures regulations and standards in the 
States, and the means available for securing uniformity among them. A sub- 
ject outline of his report shows how it was approached: 

I. Interpretation of the Senate resolution 

I I. Consideration of the concept of “uniformity” 

III. Essay on the theoretical development of weights and measures as a 

function of man’s natural history, of social needs, and of civil 
government 

IV. The origins and development of systems of weights and measures 

A. Hebrew, Greek, and Roman weights and measures 

B. English weights and measures 

1. Basic principles . 

2. Evolution of units and standards 

3. Present status 

C. The French metric system 

1. Basic principles 

2. Implementing the concept 

3. Present usage 

V. Comparison of the English and metric systems and the advantages and 

disadvantages of each from the U.S. point of view 

VI. Survey of the past and present status of weights and measures in the 

several States of the U.S. 

VII. Alternative courses of action available to the Congress for securing 

uniformity among the States 

VIII. Conclusions and recommendations 

IX. Appendix: State-by-Statc survey of laws and practices with respect to 

the subject along with other supplementary material 

The highlights of Adams’ report can be examined best by following the out- 
line of it [43]. 
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Alter restaling the main points to he addressed under the terms of the 
Senate resolution. Adams tackled the notion of uniformity of weights and 
measures in the abstract. He first pointed out that uniformity was a quality 
which might refer to several different aspects of weights and measures: the 
articles themselves, the objects to be weighed or measured, the duration of 
their establishment, the territory or people encompassed by a system of 
weights and measures, and so on. He further observed that uniformity, either 
partial or complete, might also be of two types — one of identity* the other of 
proportion. A uniformity of identity, upon which the French system was 
founded, was defined as one in which only one unit of weight is applied to all 
weigh able articles, and so forth. The English system, on the other hand, was 
based on a uniformity of proportion, in which different units of weight and 
capacity might be used so long as they were related to one another in 
uniform proportions. This was an important distinction to Adams and he 
maintained it throughout his report. 

With regard to the theoretical origins and development of weights and 
measures. Adams began with the needs of individual man. :i and built up from 
that the additional attributes required of a system as civil society grew more 
complex. He next undertook an examination of the role of the legislator in 
the evolutionary process of weights and measures. Apparently basing his 
opinions on historical precedents as he perceived them. Adams was less than 
encouraging about the ability of lawmakers to effect the desired ends: 

“When weights and measures present themselves to the contemplation of 
the legislator, and eall for the interposition of law. the first and 
most prominent idea which occurs to him is that of uniformity: 
his first object is to embody them into a system, and his first 
wish, to reduce them to one universal common standard. His 
purposes are uniformity, permanency, universality: one stan- 
dard to be the same for all persons and all purposes, and to con- 
tinue the same forever. These purposes, however, require 
powers which no legislator has hitherto been found to possess. 
The power of the legislator is limited by the extent of his territo- 
ries. and the numbers of his people. His principle of universali- 
ty. therefore, cannot be made, by the mere agency of his power, 
to extend beyond the inhabitants of his own possessions. . . . 
The power of the legislator is limited over the will and actions 
of his subjects. His conflict with them is desperate, when he 
counteracts their settled habits, their established usages: their 
domestic and individual economy, their ignorance, their preju- 
dices. and their wants; all which is unavoidable in the attempt 
radically to change, or to originate, a totally new system of 
weights and measures |44|.” 

“It is a consideration from which many important consequences result, ;hal 
the proper province of law. in relation to weights and measures, 
is not to create but to regulate [45|. M 



3 An example of Adams reasoning along these lines was included in eh. I under the heading of 
‘Ancient Weights and Measures. “ 
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After briefly tracing the development of weights and measures that oc- 
curred under the Hebrews. Greeks, and Romans. Adams turned bis atten- 
tion to the English system, the French (metric) system and the elTcct of these 
two nations' cultures on the United States. He stated in advance the primary 
point which he was trying to make: 

“Both [England and France], for a scries of ages, have been engaged in the 
pursuit of a uniform system of weights and measures . . . with 
efforts so stupendous and with perseverance so untiring, that, 
to any person who shall examine them, it may well be a subject 
of astonishment to find that they are both yet entangled in the 
pursuit at this hour ... In the abstract, that system which 
woyid be most useful lor one nation, would be the best for all. 
But this uniformity cannot be obtained by legislation. It must be 
imposed by conquest, or adopted by consent. When therefore 
two populous and commercial nations arc at the same time 
forming and maturing a system of weights and measures on the 
principle of uniformity, unless the system proves to be the same, 
the results as respects all tlieir relations with each oilier mast 
he, not uniformity, hat new and increased diversity: 1 .... The 
Congress of the United States have been as earnestly employed 
in the search of a uniform system of weights and measures as 
the British Parliament. Have cither of them considered, how 
that very principle of uniformity would be affected by any. the 
slightest change, sanctioned by either, in the existing system, 
now common to both? If uniformity be their object, is it not 
necessary to contemplate it in all its aspects [46] ?" 

Following a thorough and detailed review of the basic principles, evolu- 
tionary developments and present status of both systems, Adams compared 
and contrasted the two systems to determine if the new French system 
demonstrated “some great and transcendent superiority” which would 
recommend it to the U.S. He listed five features which the metric system 
possessed which would qualify it as a superior system: (I) it was based on an 
invariable length standard taken from nature: (2) it utilized a single unit for 
weight measurement and a single unit for all measures of capacity, liquid or 
dry: (3) it was totally based on decimal arithmetic; (4) it was arranged so that 
coins and moneys of account were in proportion to each other and to the 
weights: and (5) its terminology was uniform, precise, and meaningful. These 
advantages were then analyzed and compared with their corresponding dis- 
advantages. 

Adams had two objections to the natural, invariable length standard. Un- 
like the customary system, he found, the metric system’s standard could not 
even be closely approximated without recourse to a scientific operation. 
Also, the metric system's natural standard had not been practically used, 
even in France, by the geographers, astronomers, and navigators for whom it 
was designed. 



4 Emphasis added. 
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The advantage of having single units for all measures of weight and of 
capacity was. in Adams' opinion, offset by the fact that multiple units had 
come into being originally to take account of natural differences in the ob- 
jects to be weighed and measured. The gallon of corn had been established 
as different from the gallon of wine because the measures by which solid and 
liquid substances were sold could not be conveniently combined (i.e.. to suit 
the everyday purposes of the people). Adams went on to point out. however, 
that the U.S. would have less cause than other nations to regret the loss of 
this duality because “Wine is an article of importation; an article of luxury; 

. . . the exactness of the measure by which it is distributed, is not an incident 
which everyday comes home to the interests and necessities of every in- 
dividual |47|.“ 

The decimal base of the system, which Adams called “one of its highest 
theoretic excellencies." he thought had proved impracticable among the peo- 
ple of France. For retail trade purposes the more common divisions of 1/2. 
1/3. 1/4. and soon were still widely used. For such purposes, he said, abnse- 
12 system was inherently more suitable because the number 12 can be 
evenly divided by 2. 3. 4. and 6. whereas the number 10 is only divisible by 
2 and 5. 

The principle of maintaining a proportion between coins and weights he 
found to be a “great and solid advantage.” To be deplored, however, was the 
way in which the French government had abused this principle by occa- 
sionally adjusting the value of its money. 

Concerning the final superior advantage of the metric system- its nomen- 
clature— Adams ruefully reported that this, the most significant contribution 
of all those offered, had failed to win popular acceptance in France. Earlier 
he had detailed the language problem in descriptive terms: 

“So arbitrary and so irrational is the dominion of usage over the speech of 



man. that, instead of appropriating a specific name to every 
distinct thing, he is impelled, by an irresistible propensity, 
sometimes to gives [sic] different names to the same thing, but 
far more frequently to give the same name to different things 
. . . When man first borrows from his own person a standard 
measure of length, his first error is to give to the measure the 
name of the limb from which it is assumed . . . Of all the tangles 
of confusion to be unravelled by the regulation of weights and 
measures, these abuses of language in their nomenclature are 
perhaps the most inextricable [48|.“ 



Unfortunately, in Adams' opinion, the solution offered by the metric 
system— which would have required the people to use only 12 new 
terms— had not been taken up in France, but. instead, had been repealed by 
Napoleon's I8l2decree. 

A unique feature of Adams’ consideration of the metric system was his 
recognition of the fact that, regardless of the eventual disposition of the new 
system, the body of scientific knowledge possessed by man had been in- 
creased simply by carrying out the operations necessary to the determina- 
tion of new standards. This “by-product” effect of the French experiments 
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was not specifically alluded lo by any other student of the subject for genera- 
tions after Adams. The two contributions named were: ( 1 ) the determination 
of the extent of the flattening of the earth at the poles caused by axial rota- 
tion with unprecedented accuracy: and (2) the redetermination of the tem- 
perature at which water has its greatest density.* These advances resulted, 
respectively, from the survey work done as the basis Tor constructing the 
meter and the experiments conducted in determining the kilogram. Their in- 
clusion in Adams' report is an indicator of the depth of his investigation. 

It should be emphasized that Adams fully appreciated the metric system 
<is tin abstract concept and he praised it accordingly: 

“The system approaches lo the ideal perfection of uniformity applied to 
weights and measures: and. whether destined to succeed, or 
doomed lo fail, will shed unfading glory upon the sige in which 
it was conceived, and upon the nation by which its execution 
was attempted [49]." 

"Considered merely as a labor-saving machine, it is a new power, offered to 
man. incomparably greater than that which he has acquired by 
the new agency which he has given to steam. It is in design the 
greatest invention of human ingenuity since that of printing 

[ 50 ].” 

But he did not believe that the system had yet attained sufficient maturity to 
recommend its adoption by the U.S. in 1 82 1 . 

"It results, however, from this review of the present condition of the -French 
system in its native country, and from the comparison of its 
theoretical advantages over that which we already possess, that 
the time has not yet arrived at which so great and hazardous an 
experiment can be recommended, as that of discarding all our 
established weights and measures, to adopt and legalize those 
of France in their stead [51].” 

One of the reasons why this conclusion had to be drawn was that Adams’ 
survey of the existing situation in each of the 22 States of the Union had 
revealed that substantial uniformity already existed throughout the U.S. 
(with the exception of predominantly-French Louisiana). With the Supreme 
Court just beginning to become embroiled in questions of States’ rights, he 
was reluctant to recommend any action that tended to nullify State laws. 

After summarizing the results of this survey on a State-by-State basis.” 
Adams stated his opinions as to the extent of the authority to act that had 
been granted to the Congress by the Constitution: 

"It may admit of a doubt whether under this grant of power is included an 
authority so totally to subvert the whole system of weights and 



t his significant discovery exploded the supposition that the freezing point of 32 F was that 
at which maximum density existed. Gincau and Fnbrioni, who did the work, found it to be a full 
i} ° higher. Through improved scientific methods, this value has since been refined to about 
39+°F. The shattering of the old assumptions, however, was the important contribution made 
by these scientists. 

“The details of the survey are included in a 108-page appendix to the Report. 
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measures as it existed at the time of the adoption of the constitu- 
lion. as would he necessary for the introihi"tion of a system 
similar to that of the French nation. To /a t V* standard, appears 
to he an operation entirely distinct from changing the denomina- 
tions and proportions already existing, and established by the 
laws, or immemorial usage | 521 ." 

Nevertheless. Adams did not presume a total lack of authority when laying 
out the four different courses of action he thought were available to the Con- 
gress: 

1 . I o adopt, in all its essential parts, the new French system of weights and 

measures founded upon the uniformity of identity. 

2. "lo restore and perfect the old English system of weights, measures. 

moneys, and silver coins, founded upon the uniformity of pro- 
portion. 

3. "To devise and establish a system, in which the uniformities of identity 

and of proportion shall be combined together, by adaptations of 
parts of each system of the principles of the other. 

4. "To adhere, without any innovation whatever, to our existing weights and 

measures, merely fixing the standard [ 53]." 

Adams analyzed each of these options in turn as to their advantages, disad- 
vantages, and the extent of the action implied if Congress were to undertake 
it. 

His opinions concerning the first possible course of action, adoption or the 
metric system, have already been noted. Restoration of the old English 
system (that going back almost to Saxon times). Adams believed, "would 
lequirc an exercise of authority no less transcendent than the introduction of 
the French system [54]." The idea of devising a "hybrid" system he 
dismissed as unnccccssary and not productive of sufficient improvement. In 
the end. therefore, he favored giving legislative approval to the existing 
system of weights and measures, but without closing the door to the possi- 
bility of future changes. 

His ultimate recommendations were: 

1. “That the President of the United States be requested to communicate. 

through the ministers of the United States, in France. Spain, 
and Great Britain with the governments of those nations, upon 
the subject of weights and measures, with reference to the prin- 
ciple of uniformity as applicable to them;" [55] and 

2. "In the mean time, should Congress deem it expedient to take immediate 

steps for accomplishing a more perfect uniformity ... it is 
proposed that they should assume as their principle, that no 
innovation . . . should be attempted [56]." 

Should Congress decide to accept his latter proposal. Adams suggested that 
they ( I ) declare what the legal weights and measures were to be; (2) procure 
U.S. standards, made of a suitable metal, to be deposited in Washington. 
D.C.; (3) furnish the Governor of each State with copies of the standards: 
(4) require the Federal Government to use the standards in its custom 



